ABSTRACT -The efficiency of fat and protein retention by Bos indicus and its cross-breds was estimated from data obtained in the literature to verify possible differences between these animals and Bos taurus. After estimating the efficiencies, a correction factor was used to discount the metabolizable energy fraction that was spent in the maintenance and support metabolism processes. The efficiencies were then estimated again, assuming that all the remaining energy would correspond to the metabolizable energy available for body mass retention. The correction value used was considered satisfactory to discount energetic losses for maintenance and support. The efficiency values of partial body fat and protein retention in Bos indicus and its cross-bred were very similar to values reported by other authors who researched Bos taurus exclusively.
Introduction
The proportion of protein and fat in the animal body varies during growth. Under ad libitum intake conditions, fat concentration in the body tends to increase while the protein proportion decreases. Other factors such as genetic group, gender and physiological status influence the body composition (NRC, 1996) . These differences in body composition affect the efficiency of food energy utilization by the animal. The protein turnover in tissues spends energy and consequently reduces the efficiency of protein retention in the animal body (Owes et al., 1995) .
Nevertheless, most systems used for modeling cattle nutrient requirements do not account for the effect of body composition in the energetic efficiency for growth, but only the energy concentration of the diet (Geay, 1984) . Williams & Jenkins (2003a) proposed a complex mathematical model to estimate the body mass gain from the metabolizable energy intake, in which body mass gain is a function of the food energy and body composition. In this system, the energetic efficiency of fat and protein R. Bras. Zootec., v.38, n.8, p. [1581] [1582] [1583] [1584] [1585] [1586] 2009 retention are 75% and 20% respectively, as estimated by Geay (1984) using a large data bank. However, the data collected by Geay (1984) are from Bos taurus animals raised under temperate climate conditions.
The NRC (1996) uses correction factors to estimate the maintenance energy requirements for Bos indicus, Bos taurus and crossbred cattle, justifying this procedure with the argumentation that Bos indicus cattle have lower maintenance requirements than Bos taurus because their protein turnover is lower than the latter, then crossbred cattle requirements would be intermediate.
In this paper, the efficiency of protein and fat retention were estimated using data from Bos indicus and Bos indicus × Bos taurus crossbred cattle raised under tropical climate conditions.
Material and Methods
Data used to estimate the use efficiency of feed energy for protein and fat retention were obtained from 267 individual data of metabolizable energy intake (MEI, kcal/kg 0.75 day), retained energy (RE, kcal/kg 0.75 day) and body mass gain (BMG, kg/day) obtained from research carried out at the Universidade Federal de Viçosa (Freitas, 1995; Paulino, 2002; Salvador, 1980; Ferreira, 1997; Freitas, 2004; Teixeira, 1984) and at experiments conducted at the Instituto de Zootecnia de Nova Odessa, São Paulo (Tedeschi, 2001) (Table 1) .
Information was used to estimate daily fat and protein retention by the following equations, deduced by Williams & Jenkins (2003b) :
(2) where dFAT and dPRO = daily retention (kg/day) of body fat and protein, respectively; BMG = body mass gain (kg/day); and RE = retained energy (kcal/kg 0.75 day).
The observed metabolizable energy intake values and the calculated dFAT and dPRO values for each animal were used in multiple regression analysis, to determine how much of the metabolizable energy intake (MEI) was used for maintenance and for protein and fat retention, as shown in the equation below (Williams & Jenkins, 2003b 
Results and Discussion
The increase in energy intake caused a greater increase in fat than in protein retention (Figure 1 ), because the excess energy consumed was transformed into fat even if the source fed was of protein origin. Once the requirement of the animal was supplied, the excess of aminoacids (monomeric constituents of proteins) was deaminated and its carbon structures could be used by the animal as energy source or stored mainly as fat (Stryer, 1996) .
The increase in protein proportion in body mass gain (dPRO/BMG) caused a reduction at the ratio between retained energy and metabolizable energy intake (RE/MEI) ( Figure 2 ). This ratio may be considered a measure of gross efficiency of energy retention (Brody, 1945) . As protein tissues have higher metabolic activity (they spend more energy) than the fat tissue, it would be consistent to infer Seven data from the animals that lost their body mass were excluded from the data set used to generate the graph.
The result of the multiple regression of metabolizable energy intake compared to daily retention of protein (dPRO) and fat (dFAT) was: estimates were 0.17 and 0.66, respectively, and were lower than 0.20 for k p and 0.75 for k f found by Geay (1984) . However, according to Williams & Jenkins (2003b) , these estimates may be underestimated, because the amount of energy used to supply the requirements of the maintenance and support metabolism (0.11 Mcal/kg 0.75 day) is low for animals consuming large amounts of metabolizable energy.
It means that part of the energy supposed to be spent exclusively on body retention may have been used by the support metabolism too. Seven data from animals that lost their body mass were excluded from the data set used to generate the graph.
In the model developed by Williams & Jenkins (2003a) , maintenance (ME m ) was considered constant per kilogram of body mass, regardless of current weight, intake level or animal age. This concept is based on experimental results conducted by Taylor et al. (1981) which showed a constant ratio between body mass and feed intake in Ayrshire cattle with body weight varying from 25 to 100% of the weight normally presented by this genetic group at maturity. These authors reported metabolizable energy intakes of 31.2 to 35.6 kcal/kg body mass in animals kept at constant weight for long periods of time, which indicated that all the energy consumed in this period was transformed to heat, that is, it was used for maintenance. Therefore, maintenance in proportion to live weight does not vary with age, body mass or level of consumption (previous or current) in animals kept in energetic equilibrium for long periods. According to Williams & Jenkins (2003a) , the variation in these cases is caused by the elevation of the support metabolism, which is positively related to feed intake and negatively to animal agel. In the old nutrient requirement systems, part of the support metabolism was added to the heat increase in production (increase of heat production in the animal due to molecular synthesis processes) and part to the maintenance heat increase (increase in body heat production due to the processes of nutrient digestion, absorption and assimilation and excreta formation). In the Williams & Jenkins (2003a) model, the heat increase from the support metabolism is treated apart from the other two processes (maintenance and production).
Turner & Taylor (1983) observed the effect of nutritional level prior to the experimental period during the time needed for animal metabolism stabilization. According to Webster (1978) cited by Turner & Taylor (1983) and by Keele et al. (1992) , beef cattle need to be kept at a fixed intake level for 3 to 4 weeks to stabilize the energetic metabolism. However, Turner & Taylor (1983) demonstrated that in 28 days the animal metabolism presented a delay of 2/3 (more or less, depending on whether the present intake level was higher or lower than the previous) in relation to the metabolism they would present if they were totally adapted to a certain intake level. Williams & Jenkins (2003a) suggested that this delay of the metabolic equilibrium occurs also due to the support metabolism, since the metabolizable energy requirement for maintenance per kilogram body weight is considered constant at every intake level. The time for a fraction "q" of total response to be reached is, according to Turner & Taylor (1983) :
where τ = latency constant of first order; and t q = time, in days, for the animal to reach determined fraction q of heat production with totally stabilized metabolism. Considering equal to 28 days (a medium value suggested by the authors), the animal would need more than 100 days to stabilize its metabolism. Rearranging the equation (7), it is possible to calculate which fraction q of the metabolism in equilibrium is reached at day t:
( )
Therefore, in four weeks q would be equal to 0.63, in 100 days q = 0.97 and in 129 days q = 0.99 (Figure 3) .
In a hypothetical situation, based in the previous model, animal 1 was fed at the maintenance level and animal 2 at a level two times superior to the maintenance, during enough time for the stabilization of their metabolisms (Figure 4 ). Following that, the level fed to these animals was exchanged, which means that animal 1 started to receive double its maintenance requirements and animal 2 only enough for maintenance. Heat production at the maintenance level was considered 112 kcal and at the other level 173 kcal. Heat production of animals 1 and 2 at 28 days would be 151 and 134 kcal, respectively, which indicated that this period was not enough for the metabolism to stabilize at the new nutritional level. Nevertheless, at 100 days the heat produced by animal 1 was 171 kcal and by animal 2, 113 kcal, that was close enough to the values detected when the metabolism was stabilized.
The support metabolism is the increase in energetic expenses caused by the intensification of the processes of digestion, circulation, secretion, maintenance of the concentration gradients, muscular tonus and tissue renewal that occurs on levels above the energetic equilibrium (Milligan & Summers, 1986) . Hence, the less the amount of metabolizable energy used for the maintenance metabolism and support metabolism, the higher the energy availability for body mass gain (energy retention in the body).
The maintenance requirement of a certain genetic group is constant in relation to live weight when the animal is in real energetic equilibrium, that is, when its metabolism is stabilized at an intake level regardless of whether this level is above or below maintenance (Taylor et al., 1981) . Therefore, the requirements vary with energy intake, due to the support metabolism. Williams & Jenkins (2003b) proposed a value of 15% to each multiple of energy intake above maintenance to account as the increase due the support metabolism. Using this correction, it is possible to determine how much of metabolizable energy consumed was used for body mass gain (MEI g ). Consequently, the correction suggested by these authors was applied to the support metabolism, and the β 0 , β 1 and β 2 values were estimated again using the MEI g values instead of the MEI (Table 2) .
The intercept is not significantly different from zero (P<0.05), then the discount over metabolizable energy intake included all energetic expenditure for maintenance plus support metabolism. The confidence interval for β 1 was higher than β 2 and proved the greater variability related to the retention efficiency of protein (k p ) compared to retention efficiency of fat. Garrett (1968) , that used Bos taurus animals of British breeds. Values found in this study were placed within the confidence interval of the estimates obtained by these authors.
Conclusions
Energetic efficiency for body retention of protein and fat did not differ between Bos indicus animals and their crossbreds and Bos taurus, because the confidence interval of the estimates found in this study did not exclude the values observed in the literature for Bos taurus animals. The estimate of 15% for each intake multiple above the maintenance level was adequate to estimate the energetic requirement due to the support metabolism in Bos indicus and its crossbreds. Figure 5 -Estimates of standardized residuals for metabolizable energy intake for body mass gain, MEI g , related to daily retention of protein (dPRO) and fat (dFAT).
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